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In our research, the Vienna Ab-initio Simulation
Package (VASP) was utilized to used to perform
Density Functional Theory (DFT) calculations for
geometry optimization and theoretical vibrational
frequencies. Geometry optimizations resulted in
minima (low-energy states) along the adsorption
potential energy surface, and vibrational frequency
calculations were run afterward to make sure the
results from the geometry optimizations gave a true
energy minimum. For DFT calculations, the Perdew-
Burke-Ernzerhof (PBE) functional2 was used along
with Grimme’s D3 method of dispersion correction3 as
well as an 11.0-eV Hubbard-U correction4 on the 3d
orbitals of Ti atoms to more accurately describe the
localization of electron density on the surface. For all
atoms, projector-augmented wave potentials (PAW)
were used to describe electron-core interactions.5 For
all calculations, a 400-eV energy cutoff was
implemented, as well as a 3x3x1 k-point mesh.
Results
The data collected thus far indicates that the size of the alkanol group does indeed
contribute to the strength of adsorption during the deprotonation step of this perovskite
catalyst reaction. As the number of carbons interacting with the surface increases,
adsorption strength increases and the population of protonated species varies. Future work
will examine atomic charges to investigate the relative electron donating effect of each
alkanol on adsorbed populations and then further each reaction pathway to analyze the
relationship between adsorbate population and reaction pathway selectivity.
A perovskite is a crystal with chemical formula ABX3, where A is usually a lanthanide, alkaline, or an
alkaline-earth cation, B is a transition metal, and X is oxygen most of the time. Though perovskites show
promise in a variety of applications in heterogeneous catalysis, the actual mechanisms by which
adsorbates react on perovskite surfaces has yet to be completely understood. Alkanols have shown
experimental promise as probe molecules to understand these mechanisms and to characterize the
acidic/basic nature of surface sites.1 This work focuses on the initial adsorption step in the heterogeneous
chemistry of various alkanols on the (001) surface of the SrTiO3 perovskite. We hypothesize that the
nature of the adsorbed alkanol can steer the subsequent reaction towards either dehydrogenation or
dehydration. Further, we are interested in the role of the alkyl group on the distribution of species present
following the adsorption of a particular alkanol and how this distribution relates to the selectivity of the
overall reaction. Thus, the goal of our research is to understand the effect of varying adsorbate structures
on reaction pathway selectivity. The present study considers the four alkanols— ethanol, isopropanol, sec-
butanol, and tert-butanol—with structures that differ incrementally by the size of the alkyl group and,
transitively, the dispersion interaction with the surface and electron donation to the hydroxyl oxygen atom.
A O
B
A perovskite functional unit and
bulk crystal structure ethanol isopropanol sec-butanol tert-butanol
Isopropanol on a periodic slab 
of SrTiO3(001)
Introduction
Methods
Conclusions and Future Work
additional methyl group interacts with surface to stabilize deprotonated states
ethanol
adsorbed alkanol deprotonated alkanol broken hydrogen bond
2800 3000 3200 3400 3600 3800
2.5
5.0
7.5
10.0
12.5
15.0
17.5
20.0
22.5
S
FG
 In
te
ns
ity
 (a
rb
. u
ni
ts
)
Wavenumber (cm-1)
 Data
 Fit
Experimental sum-frequency generation 
vibrational spectra for isopropanol on SrTiO3(001)
sec-butanol
References
1. a) ACS Catal. 2017, 7, 4423. b) Angew. Chem. 2017, 129, 9952.
2. Phys. Rev. Lett. 1996, 77, 3865.
3. a) Phys. Rev. B 1993, 47, 558. b) Phys. Rev. B 1994, 49, 14251.
c) Phys. Rev. B 1996, 54, 11169. d) Comp. Mat. Sci. 1996, 6, 15.
4. Phys. Rev. B 1998, 57, 1505.
5. a) Phys. Rev. B 1999, 59, 1758. b) Phys. Rev. B 1994, 50, 17953.
Adsorption energy profile for four different alkanols on SrTiO3(001)
Selected theoretical vibrational frequencies 
for isopropanol on SrTiO3(001)
-OH
as-CH3
ss-CHn
